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WHAT IS CLAIMED IS: 
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1. A shift clock signal generating apfcsiratus for generating a shift 
clock signal having a prescribed phase difference from a reference 
clock signal, comprising: / 

a delay line receiving the reference clock signal and including 

a plurality of unit delay elements connected in cascade, wherein 

I 

each of the unit delay elements provides a prescribed signal delay 

I 

time, and the reference clock signal propagates in the delay line 

I 

while being successively delayed bjs the unit delay elements; 

a shift clock signal output path; 

I 

a group of switches having first ends connected with output 

I 

terminals of the unit delay elements respectively, and second ends 

I 

connected with the shift clock signal output path, wherein when 
specified one among the switchc!^ is in its on position, a delayed 

clock signal which results from delaying the reference clock signal 

I 

by a prescribed time interval is transmitted via the specified switch 

I 

to the shift clock signal output p^th as the shift clock signal; and 

I 

switch controlling means |for determining the specified one 

among the switches on the basis of data representing a phase 

ij 

difference of the shift clock signal from the reference clock signal, 
and for setting the specified switch in its on position. 

2. A shift clock signal generating apparatus as recited in claim 1 , 
comprising a plurality of delayflines each being equal in structure to 
the previously-mentioned delay line, a plurality of groups of switches 



each being equal in structure to the prwlously-mentioned group of 
switches, a plurality of shift clock signal output paths each being 
equal in structure to the previously-mlntioned shift clock signal 
output path, and a plurality of switch Controlling means each being 
equal in structure to the previously-mentioned switch controlling 
means to generate shift clock signalslhaving prescribed phase 
differences from the reference clock! signal, the prescribed phase 
differences being different from each other, wherein a number of 
the delay lines, a number of the grolips of switches, a number of the 
shift clock signal output paths, and a number of the switch 
controlling means correspond to alnumber of the shift clock signals. 

3. A shift clock signal generating apparatus as recited in claim 1 , 
comprising a plurality of groups Jf switches each being equal in 
structure to the previously-mentioned group of switches, a plurality 
of shift clock signal output paths f each being equal in structure to 
the previously-mentioned shift clpck signal output path, and a 
plurality of switch controlling m^ans each being equal in structure 
to the previously-mentioned switch controlling means to generate 
shift clock signals having prescribed phase differences from the 
reference clock signal, the prescribed phase differences being 
different from each other, wherein first ends of the switches in 
each of the groups are connected with the output terminals of the 



groups of switches, a number of the shift clock signal output paths, 
and a number of the switch controlling means correspond to a 
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number of the shift clock signals. 



4. A shift clock signal generating japparatus as recited in claim 3, 
wherein the switch groups are conrfected with the output terminals 
of ones among the unit delay elements in correspondence with the 
prescribed phase differences of the {related shift clock signals from 
the reference clock signal. 

5. A shift clock signal generating apparatus as recited in claim 4, 
wherein the imit delay elements arJ separated into groups having a 
number equal to a number of the shift clock signals, and the switch 
groups aire connected with unit delay elements in the 
corresponding unit-delay-element (groups respectively. 



6. A shift clock signsd generating apparatus as recited in claim 1 , 
further comprising a reference clock signal output path for 
outputting the reference clock signal to an external as it is. 



7. A shift clock signal generating apparatus as recited in claim 1 , 
wherein each of the unit delay elJinents includes a gate circuit for 
providing the prescribed signal delay time. 



8. A shift clock signal generating apparatus as recited in claim 1. 
wherein the switch controlling means operates for determining the 
specified one among the switches on the basis of period data and 
ratio data, the period data representing a numeric value of a period 



of the reference clock signal while a tim^ resolution is given by the 
prescribed signal delay time provided bj/each of the unit delay 



jyi i 

elements, the ratio data representing a /ratio between a delay time of 
the shift clock signal relative to the reference clock signal and the 
period of the reference clock signal. 

9. A shift clock signal generating apparatus as recited in claim 8, 
wherein the ratio represented by the /ratio data is equal to y/(x+l), 
and "x" denotes a predetermined natural number axid "y" denotes a 
natural number in a range of "1" to 

10. A shift clock signed generating apparatus as recited in claim 9, 
further comprising: j 

a ring delay line including a plurality of unit delay elements 

I 

coxmected in a closed loop auid being equal in characteristics to the 

f 

unit delay elements in the previously-mentioned delay line, wherein 
a pulse signal circulates through |the ring delay line while being 

delayed by the unit delay elements; and 

I 

time A/D converting meansj for counting a number of times 
the pulse signal goes round the i|ng delay line, for generating the 
period data in response to the counted number of times, and for 



feeding the period data to the switch controlling means 



11. A shift clock signal generating apparatus as recited in claim 8, 
further comprising a digitally cojntrolled oscillation circuit for 
outputting a signal having a period controllable while a time 
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u thP t^rescribed sijial delay time provided by 
resolution is given by the prescn ^ ^^^^^^^^ 

eacb of tbe unit delay elements. ^^ ^J^^r^o. of tbe signal 
Circuit using control data in controllmg tbe P 
outputted tberefrom. tbe delay line - ^^^^^^^ 

.V, digitally controlled osciUatiok circuit as the refere 

control data as the period data. 

. SM. COC .gn. gene.t.g IpP-tus as .atea . da» S. 
le. co„>p.s.g a aig^tany con+a oscUlaUon ccu.t o. 
lurmci ^ r L^+r-nll able while a tmie 
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each of me unit delay V ' /..^oa of the .^ai 

;eUof.e...o.tpt+^^^ 
oscmation ccuit to gene.ate *e .* ^^^^ 
duty cycle of 50%, the delay lm| rece.™g 

-^^^ - — eloc. .gnal 
^r^lg the pe.od d ta In accordance .th the calculated 

period. 

,3 ^ Shift cloc. signal geneLg apparatus as tecltcd ^ aa^ 
" n. wLm the digitally contrLd oscUlaUon circuit Includes. 



a pulse signal circulates through thi nng y 

- "I ~l count^g a r^u.her ol times 

A/« — Tig delay Une, for generating the 

- PU- 'Tt^e colnld nLher of thnes. and for 

period data in response to the countea n 

outputtlng the period data; I 

frM- HividinJa value oi tne pcn^^ 

0 dividing means for dmdm^ ^.„, „eans by a preset number 

outputted from the time A/D co|vertmg means by 

to gene«te the control data; anji ^^^^^^ 
signal outputung means for comparing a 

aata an! a number of times 4uUe signal passes through a 
, the ring delay line, and for outputting a 

1 5 delay element m the rmg d y| ^^^^^^ ^^^^ 

prescribed-pulsewidth signal each tmie the 

and the number of times becoL e^ual to each other. 

14 A time measurement apUatus comprising-. 
,0 a shift cloc. Signal gene ating means for generatmg a Plurahty 

.Shift clocK Signals in respo se to a reference -;^^;^-^2L. 

.hift doc. si^als having a p riod e,ual to a pe-od 

eloc. signal, the shift cloc. sU having phases d^erent 

inputting meansL eonveriing an input signal into 
" bln^ Signals in response to L shift clo<. sign.s generated by the 



shift clock signal generating means respectively, the input signal 
containing a pulse train of a pseudo random noise code; 

correlation calculating means for calculating correlations 
between the pseudo random noise code and the binary signals 
generated by the signal inputting mdans; 

detecting mesins for detecting/a moment at which a peak of 
the correlations calculated by the cprrelation calculating means 
occurs; and | 

measuring a time interval frDm a prescribed moment to a 

I 

moment of occurrence of the pulse train in the input signal on the 
basis of the moment detected bylthe detecting means. 



15. A time measurement apparatus as recited in claim 14. 
wherein a number of the shift clock signals is equal to a 
predetermined integer "n", andf differences between the phases of 
the shift clock signals are equal to the reference-clock-signal period 
divided by the predetermined integer "n". 

1 

I 

16. A time measurement apparatus as recited in claim 14, 

I 

wherein the correlations calculated by the correlation calculating 
means are in pairs each having correlations related to two among 
the shift clock signals which llave phases most different from each 
other, and further comprising! averaging means for averaging 
correlations in each of the pairs into a mean correlation, the 
detecting means operating fori detecting a moment at which a peak 
of the mean correlations generated by the averaging means occurs 
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. of occu/rence of the pulse train in 
as an indication of the moment of occufr 

the input signal. | 

Jas recited in claim 14, 
.,er.n the corre.aUon — tmg f 

o ir.in second binary signals m re&p 
^putting means mto seco ^^^^^^^^ 

,,^een the pseudo random no:.| ^ ^^^^^^ 

.i«.als the correlation calculating means and 
signals, refience clock signal, 

operating In response to the rete 

-emeast.mentapp|^as..^^^^^^^ 

therein the detecting means ^"^^ 
, .hlch a pea. ol the cor«la«o^s ^^ ^J^ ^ 

ealculatlng means occurs on the has ^^^^ 

.hich one ol the -"tt^r clock signal and one 
,a a phase difference between ,„„elation 
3„ong the Shift clock signal which correspond 
ao exceedmg Uie preset threshid value. 

X rprited in claim 18, 

A---— 'ttlorlctingamomentat 

• tv,^ detecting mean4 operates lor u 
wherem the detectmg i^ i^tPd bv the correlation 

„hich a peak ol the correlations — „„e o. 
,S calculating means occurs on ^e ha^ ^^^^^^^^ 
ae correlauons Brst exceedsk preset 



20. A spread-spectrum distaince mejasurement apparatus 
comprising: 

pulse train generating means fbr generating a pulse train of a 
pseudo random noise code in synchronism with a reference clock 
signal, the pseudo random noise code having a prescribed bit 
length; / 

transmitting means for transmitting am electromagnetic wave 
modulated in accordance with thel pulse train generated by the 
pulse train generating means; I 

receiving means for receiving an echo wave caused by 
reflection of the electromagneticlwave transmitted by the 
transmitting means at an object||to be measured, and for converting 
the received echo wave into a received pulse train signal; 



time measuring means foE measuring a time interval from a 
moment of transmission of thefelectromagnetic wave from the 
transmitting means to a moment of reception of the echo wave by 
the receiving means on the basis of the pseudo random noise code 



and the received pulse train signal; and 

I 

distance calculating means for calculating a distance to the 
object on the basis of the time| interval measured by the time 
measuring means; | 

wherein the time measu ring means comprises the time 
measurement apparatus of claim 14. 



21. A spread-spectrum distance measurement apparatus as 
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recited in claim 20, wherein the pulse| train generating means 
operates for generating the pulse train of the pseudo random noise 
code a plurality of times, and the tinie measuring means operates 
for measuring the time interval a plurality of times, and the distance 



calculating means operates for averaging the time intervals 
measured by the time measuring mjeans into a mean time interval, 
and for calculating the distance to jthe object on the basis of the 
mean time interval. 



22. A spread-spectrum distance/ measurement apparatus as 
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recited in claim 21, wherein the //time measuring means operates for 
determining a center among the|time intervals measured by the 
time measuring means, for excluding one or more among the time 



intervals which deviate from th, 
value to get remaining time int 
remaining time intervals into 



center by greater than a prescribed 
rvals. and for averaging the 
e mean time interval. 



